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Quantitative gait analysis
comparison of
rheumatoid arthritic and
non-arthritic subjects
This study quantified differences in the gait
parameters of velocity and stride length at
three different self selected speeds between
113 subjects with rheumatoid arthritis and 104
normal controls stratified for age and gender.
Significant differences were found between
the well-matched groups offemales50-64 and
over 65 years of ageatall three speeds forboth
gaitparameters. FemaJesyoungerthan 50years
of age, however, differed from their controls
only at normal and fast velocities. -The gait of
males appeared to be less affected by the
disease as only males over 65 years of age
differed significantly from their controls and
then only atthe fastself select3d speed. These
data provide a base from which to judge the
efficacy of therapeutic intervention in the
arthritic population.
[Fransen M, Heussler J,MargiottaEand
Edmonds J: Quantitative gait analysis ...c..
comparison of rheumatoid arthritic and noo-
arthritic subjects. Australian Journal of
Physiotherapy 40: 191~199]
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he primary goals of intervention
for subjects with rheumatoid
arthritis (RA) are to decrease pain
and improve or maintain functional
status. Useful outcome measures
should directly assess the effect of
intervention on these factors
(Rothstein 1985). It is known that
reduced gait velocity and stride length
correlate well with lower limb pain in
subjects with RA (Keenan et al1991,
Platto etal 1990). In older persons,-
gait velocity has also been shown to
predict functional dependence (Imms
and Edholm 1981,Judgeet a11993),
that is, slow walkers are more likely to
be home-bound. Furthermore, several
studies have demonstrated a
correlation between clinical
improvements in patients with arthritis
after intervention (for example surgery
arnon-steroidal anti-inflammatory
drugs) and the.subsequent
normalisation of gait parameters
(Andriacchi et al 1977, Berman et al
1987 and 1991, Blin et al1990,
Mattsson et al 1990).
Despite this, two studies involving
subjects with RA concluded that
walking time was an insensitive, albeit
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highly reliable outcome measure
(Grace etal 1988, Spiegeletal 1987).
These two studies were inconclusive,
as subjects were not stratified by age or
gender. They also did not consider
that the distance ·(15.24 metres) over
which the subjects were tested might
involve other uncontrolled variables
such as fatigue. Furthermore, the
ability.of the observers to record the
time with a stop watch could possibly
be biased.
The amount and complexity ofdata
that can be selected to describe gait is
quite extensive but in many cases,
collection requires costly equipment
and time consuming analysis.
Hirakawa and Matsumara (1987)
suggest that the most important data
derived from the evaluation of gait are
the discrete variables representing its
final output that is, velocity, stride
length and cadence.
Seven objectives have been identified
that must be operationalised before
gait analysis can gain clinical
acceptance (Brand and Crownshield,
1983). These include the capacity to
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correlate measured parameters with
function; to measure parameters which
are not directly observable; and to
ensure that the measured parameters
can clearly distinguish between normal
and pathological gait. In addition the
technique selected must not alter the
performance ofthe subject and the
measurements must be accurate and
reproducible, with the results
presented in a readily identifiable form.
An inexpensive method using
footprint recordings and a stopwatch
(Falconer and Hayes 1991) has been
demonstrated to be reliable and valid
but would be impractical for repeated
testing oflarge clinical populations, as
the procedure requires the parameters
to be measured manually.
The goal of this study at the St
George Hospital in Sydney was to
establish a practical clinical tool. The
system selected for use, the electric
footswitch system, was required to
provide data within 5 minutes, to
deliver a hard copy, be user friendly
and provide easily interpretable
information (Gifford .and Hughes
1983).
A decrease in velocity and stride
length has been demonstrated
previously in patients with arthritis
(Andriachiietal J977, Berman et al
1991, Finley and Cody 1970, Hageman
and Blanke 1986, Keenan et al 1991,
Larsson 1980, Platto et a11991) but no
studies have been reported which
specifically compare subjects with RA
with healthy asymptomatic subjects
matched for age and sex .and at three
self selected speeds of walking.
Before the system developed could be
used to assess the effects.of
intervention for subjects with RA, it
was necessary to establish whether the
measured parameters chosen would be
clearly distinguishable between
subjects with RA and asymptomatic
controls. Specifically, the .following
experimental hypotheses were of
interest:
i) As they get older, subjects with RA
have a slower velocity and shorter
stride length at three self selected
speeds ofwalking. Self selected
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figure 1.
Electric footswitch walkway.
speeds (SSS) of walking· are
defined as the subject interpreting
the speed with which to walk after
being given a set command ie " ..at
a pace you would consider fast."
ii) Subjects with RA have a slower
velocity and shorter stride length
compared with normal subjects
when matched for age -and sex at
each of the three SSSs~
Methods
All subjects were assigned to one of
two groups based on the following
criteria:
Group 1: Subjects with rheumatoid
arthritis (N=113) (RA)
Subjects with RAwere recruited from
patients who fulfilled American
College ofRheumatology (ACR)
criteria for RA (Arnett 1988) and were
currently under the care of the staff
rheumatologists at the St George
Hospital. The subjects were required
to be able to walk 8 metres 12 times
with approximately one minute
intervals, without an assistive device.
Subjects were not excluded if they
assessed themselves on a Visual
Analogue Scale as having no lower
limb pain on walking on the day of
testing, as this may have been due to
gait adaptation.
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Group 2: Normal controls
(N=104) (NonA)
Normal controls were recruited by
random selection from the Barton
electoral roll in New South Wales.
They were included if they were
asymptomatic, between the ages of 20,...
80 and were prepared to participate in
the study. Because the presence of pain
in the lower limb (Platto et.aI1991) or
lumbarspine (Maitland 1986) has been
shown to influence gait, potential
subjects were screened and excluded if
symptomatic. They were also excluded
if they had difficulty with three or
more of the possible eight areas of
function in the modified Health
Assessment Questionnaire (Mod
HAQ) (Appendix 1) (Fries et aI1980).
Subjects with fewer than two areas of
difficulty related to upper limb or
cervical problems were not excluded as
this was considered acceptable given
the inclusion of elderly subjects.
Subjects (RAand controls)·were
excluded from the study if they had
undergone reconstructive surgery to
either lower limb within the previous
12 months and/or suffered from any
disease, apart from RA, that was likely
to affect their gait during the test,eg
neurological, severe pulmonary or
cardiac disorders. None of the subjects
had suffered from a traumatic injury
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Figure 2.
/I/IStrapClip" brass strips.
Figure 3~(right).
Attachments to subject.
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requiring treatment in the three
months prior to testing.
All subjects were then stratified
according to age as follows: 65· years of
age and over, 50 to 64 years of age and
less than 50 years ofage. The first age
category was chosen .because the
effects ofageing on gait are known ta
appear from this age in asymptomatic,
healthy subjects (Smidt 1990).
Although differences in gait between
younger and older healthy individuals
are generally·reported to be small,
subjects were placed into two further
categories to gather comparative data
on the RA population within these age
brackets.
Subjects were also stratified
according to gender because
differences in gait have been
demonstrated between males and
females (Finley and Cody 1970,
Hirakawa 1989, Larsson 1980, Murray
et al 1970). Older subjects have also
been noted as having more
pronounced gender differences
(Himannet al 1988).
Measurements
1. Anthropometric data were collected
using standard bathroom scales for
weight (kg) and a stadiometer attached
to the wall for height (em).
2. The gait parameters were
measured with an electric footswitch
system designed for this purpose. The
system is based on one designed by
Larssonet al (1980) and is similar to
the one described by Whittle (1991). It
consists of an 8mette level walkway,
foot .switches, trailing leads, an
overhead pulley systeIII running on a
low friction aluminium curtain track,
infrared sensors, a signal conditioning
box and a.microcomputer (Figure 1).
Mean velocity (cm.s-1),cadence
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(steps.min- I ) mean stride length (em),
percentage double support time and
stance phase percentage for each lower
limb were the dependent variables
available for analysis. Only velocity and
stride length were analysed because a
previous study (Heussler 1993) had
demonstrated that only these
parameters were repeatable across days
using the current sampling rate of the
system. Infrared sensors, placed two
metres apart, were used to measure the
subjects' velocity. The other gait
parameters were determined from the
current generated when the small brass
straps (from Utilux) attached to the
subjects' shoes contacted the walkway
(Figure 2). The analogue signals from
the foot switches and infrared sensors
were amplified, smoothed and filtered
before being fed into the
microcomputer for conversion into a
digital form.
3. Demographic data: All subjects
were asked to provide information on
their medical history, use of
medications, recent injuries,
participation in sports and lower limb
pain and to complete a modified
Health Assessment Questionnaire
(Mod HAQ) (Appendix 1).
Procedure
Testing of all subjects took place in the
physiotherapy gymnasium at the St
George Hospital. Each subject was
required to attend once for 30 minutes
and to wear comfortable low heeled
walking shoes. Written informed
consent was obtained prior to testing.
No monetary inducements to
participate were utilised. All subjects
provided the required anthropometric
and demographic data..
Three brass strips were attached to
each shoe with double sided tape (ie
located under the heel, at the base of
the fifth metatarsal head and under the
distal head of the first metatarsal). The
brass strips were always positioned so
that they were angled towards the
centre of the foot and, where possible,
followed the wear patterns of the shoe
(Figure 2). The two infrared scanners
were calibrated to shoulder level.
The subject was then seated on a
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,:> age and gender) were unequal.
Results
chair placed at the beginning of the
walkway while the conductive leads
were attached to the brass strips on the
shoes. These lightweight conductive
leads connected the brass strips via the
overhead pulley system to a
microcomputer. The subject was then
asked to walk along the walkway to
check that the walk was unimpeded
and that the subject could walk
normally (Figure 3). They were then
given the following instruction: "When
I say go, please walk to the end of the
walkway at a pace you would consider
normal and then stop. Ready. Go."
This process was repeated after a rest
of approximately 1 minute. Two trials
were completed at a normal pace, then
two at a self determined fast pace and
finally two at a self determined slow
pace. The order was decided
arbitrarily and kept constant for each
subject, as no known ordering effect
has yet been reported in the literature.
Analysis
To eliminate the distorting effect of
naturally occurring gait acceleration
and deceleration (Hirakawa 1989) the
analysis of the gait was performed
while the subject covered the middle
two metres of the walkway. The
second attempt at each SSS of walking
provided the signals used for analysis.
Two attempts were taken as a backup
in case the second set of signals was
unsuitable or insufficient for analysis.
~The later procedure of analysis of the
collected signals/printout of results
takes approximately 5 minutes. Two
specialised software programmes were
developed for the data collection and
analysis.
Statistical analysis was performed on
the gait data with Mann-Whitney U
test (Wilcoxon rank-sum W test) for
independent groups using a Minitab
statistical programme (Minitab is a
registered trademark ofMinitab Inc;
Version 7.2 1989). The alpha level was
set at p=O.008 to compensate for
multiple correlations and avoid a Type
1 error (Dawson-Saunders and Trapp
1990). A non-parametric procedure
was chosen, as preliminary analysis
revealed that the data were not
normally distributed and variances
between the two groups (stratified for
<.:.'.:..:. ,0.:769'.:.< '
In the present highly cost conscious
health system, all interventions should
have demonstrable efficacy. Gait is a
central component of normal function
and hence an appropriate assessment
endpoint for interventions in diverse
musculoskeletal and neurological
diseases.
Discussion
The anthropometric data for each
group are presented in Table 1. There
were insufficient males less than 50
years of age who had RA to allow
comparisons to be made with their
asymptomatic controls. These data
were therefore not included in the
analysis.
The mean ModHAQ scores for the
RA groups were well above the mean
ModHAQ scores for their matched
asymptomatic controls (Table 1). As
expected this demonstrates a higher
level of functional disability for the
subjects with RA.
Subjects with RA appeared to walk
with a decreased velocity and stride
length when compared with their
normal controls (Tables 2-4). This
difference was greatest for the fast SSS.
Females with RA in both older age
groups (ie 50-64 and 65+) (Tables 3,4)
were significantly slower than the non-
arthritic controls when walking at their
slow, normal and fast SSS. Both groups
also had significantly shorter stride
lengths at each of the three SSSs. In
contrast, females under 50 years of age
(Table 2) showed significant
differences from their controls at the
normal SSS, for velocity and stride
length, and at the fast SSS, for velocity
only.
Males with RA in the group aged 50-
64 (Table 3) demonstrated no
statistically significant differences
when compared with their controls.
Males with RA aged 65+ years (Table
4) demons-trated statistically significant
differences only at the fast SSS for
both velocity and stride length.
,'':'::
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The current study demonstrates that
an electrical footswitch system used to
evaluate some gait parameters can
discriminate between subjects with RA
and asymptomatic individuals on these
parameters when these groups are
stratified for age and gender.
The complete test procedure
(questionnaire and walk tests at the
three SSSs), including the printout of
the computerised gait analysis,
required approximately 30 minutes.
The gait analysis was simple to
administer and non-threatening even
to fairly disabled patients since the
walkway is level, does not move and is
only short in length. None of the
subjects found their gait was impeded
in any way by the apparatus when a
trial walk was taken before testing. The
equipment and running costs are not
excessive.
There are many gait analysis systems
reported in the literature (Whittle
1991). Most provide a greater quantity
of d~ta but the systems are expensive,
requIre considerable operating
expertise and the test procedure is
~engthy. The electric footswitch system
IS able to test large clinical populations
and is applicable to any major hospital
dealing with musculoskeletal
dysfunction. It is therefore suitable to
test interventions aimed at improving
lower limb function.
Hirakawa and Matsumara (1987)
concluded in their study that stride
length is likely to be the most stable
parameter of gait. They demonstrated
that stride length has the highest
reproducibility at various speeds and a
high sensitivity to changes in lower
limb function and pain. These
conc~usions were used to justify the use
of thIS parameter for comparative
analyses.
Three self selected speeds were
chosen as representative of normal
functional demands on gait. The
results demonstrated that the older
subjects who have RA also have
increasing difficulty keeping up with
their normal contemporaries. This is
most noticeable at the fast SSS and has
implications for the patient when
function demands an increase in speed
(eg catching a bus, avoiding dangerous
situations as a pedestrian). This may
explain the progressive loss of
independence of this group of patients.
It also has implications when testing
patients. That is, the fast SSS is the
more appropriate indicator of gait
dysfunction when compared with the
slow SSS using the parameters of
velocity and stride length. Aside from
females in the two older age groups,
slow SSS showed poor discrimination
between RA and control groups.
In?~ed, given the poor discriminatory
abIlity of the slow SSS, it is
recommended that testing be carried
out at normal and fast SSS only.
One extensive study (Himann et al
1988) with comparable stratifications
of normal subjects for age and gender,
reports results similar to those of the
present study for velocity and stride
length at the normal and slow SSS.
However, at the fast SSS, the subjects
had much slower velocity and shorter
stride length. This could be attributed
to either the longer length (20 metres)
of the walks tested and/or the fact that
the fast walks took place after the slow
AUSTRALI~~ P~¥$I€9T~ER~~~
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78.26 94.35 0.007
(17.36) (20.45)
90.32 122.99 0.000
(19.52) (24.24)
117.73 166.72 0.000
(26.39) (29.30)
99.25 117.59 0.001
(16.91) (16.03)
102.83 127.99 0.000
(17.32) (19.81)
115.95 144.52 0.000
(21.80) (26.14)
and normal walks. Alternatively it
could be due to the difference in
wording of the instructions which were
"Walk rather fast but without over
exerting yourself" as opposed to the
present study's instruction, ""liValk at a
pace you would consider fast". This
highlights the care that needs to be
taken in standardising test procedures
including the verbal instructions given
to the subjects when collecting data.
The asymptomatic subjects in the
present study showed slower velocity
and shorter stride length at both
normal and fast SSS than that reported
by Murray et al (1969). This is
probably due to the Murray et al
(1969) study's admitted selection
criteria which resulted in subjects who
"represent the peak of normality for
older men" It could also be due to the
small numbers in each age group. The
female data from a subsequent study
(Murray et al 1970) could not be used
for comparison, as the subjects were
not stratified by age, although it was
noted in the text that there were
marked changes in the group over 60
years of age.
The differences in gait tend to
increase with increasing age and are
most striking for the fast velocity and
stride length (Tables 2-4). This
observation was inconsistent in only
one group. In females under 50, the
presence of RA did not alter stride
length at the fast SSS but an effect may
be evident in a larger group.
For the male groups, the similar
argument is negated by the fact that
the female group under 50 years is of a
comparable size and showed
significantly different results with
respect to velocity in the fast and
normal sss.
This study demonstrated a difference
between the RA and normal control
subjects. The measures used are
therefore valid.
Conclusion
Like their asymptomatic counterparts,
subjects with RA have a slower velocity
and shorter stride length, as they age,
at each of three SSSs. However,
subjects with RA walk more slowly and
have a shorter stride length than
normal subjects when matched for age
and gender at each of these SSSs. The
most marked differences in gait
recorded appeared at the fast SSS, but
gait in males with RA appeared to be
less affected by the disease than that of
age-matched female subjects with RA.
Since slow SSS is probably a poor
discriminator between RA and normal
subjects, it is recommended that
walking tests on level ground should be
carried out only at normal and fast SSS
for the purpose of assessing outcome.
The present method of measuring
gait has the potential to evaluate the
effect of different forms of intervention
in musculoskeletal disease. It should
allow measurement of baseline
dysfunction and the degree to which
this changes towards the normal range
in response to therapy. "Whether it is
sufficiently sensitive to measure the
influence of available therapies is
currently being assessed in trials of
footwear, group exercise programmes,
intra-articular steroids and
manipulation of clinical factors.
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Appendix 1.
Modified Health Assessment Ouestionnaire (ModHAO)
(Please tick one answer for each task)
TASK Without With With UNABLE to do.
Canyou .... ANY Difficulty SOl\1E Difficulty MUCH Difficulty
a Dress yourself,
including tying
your shoelaces
& doing your
buttons?
b Get in&out of
bed?
c Lift a full cup <or
glass up to your
mouth?
d Walk outdoors
on flat ground?
e Wash & dry
your entire
body?
f Bend down to
pick up clothing
from the floor?
g Turn ordinary
taps on & off?
h Get in & out of
a car?
Score: 1 - Without Any Difficulty
2 - With Some Difficulty
3 - With Much Difficulty
4 - Unable To Do
Total ranges from 8 (all tasks without any difficulty) to 32 (unable to do any ofthe tasks).
